Although micron-size particles of metallic gold are observed at the Zarshuran gold deposit, northwest Iran, the quantities do not account for the gold concentrations determined by chemical analyses. The presence of invisible gold has been established by means of trace element electron microprobe analyses of pyrite, arsenian pyrite, orpiment, realgar, stibnite, getchellite, sphalerite, and lead sulfosalts. Quantitative point analyses indicate that invisible gold is present in anhedral pyrite, arsenian pydte overgrowth rims on gold-and arsenic-free euhedral pyrite, in massive, network, and colloform arsenian pyrite, and in massive and colloform sphalerite intimately intergrown with colloform arsenian pyfite. Gold in these forms adequately explains the measured gold concentrations at Zarshuran. The invisible gold owes its origin to solid-solution deposition and/or encapsulation of submicron-size particles of metallic gold. 
Many characteristics of the Zarshuran deposit are similar to other disseminated gold deposits hosted by sedimentary rocks. In those of the western United States, gold is rarely visible but occurs invisibly in a number of mineral phases (Bakken et al., 1991; Arehart et al., 1993) . In order to determine if similar invisible gold occurs at Zarshuran, trace element analyses of 15 mineralized samples from outcrops, trenches, boreholes, and tunnels were carried out by electron microprobe analysis. Bulk chemical analyses for ore and orerelated trace elements were performed on corresponding subsamples.
Methods
Trace levels of gold in other minerals can be determined by electron microprobe analysis provided the X-ray intensity of the microprobe is maximized and the peak to background Electron microprobe analyses of the Zarshuran samples were performed with a JEOL 8800 at the Subfaculty of Applied Earth Sciences, Delft University of Technology. The analytical conditions were (1) 40 kV accelerating voltage, (2) 3.8 x 10 s-A beam current, (3) X-ray line of Au-Lc• on the LIF crystal, (4) counting times of 300 s on peak and background, and (5) native gold as the analytical standard. Measurements were carrild out first on the peak and subsequently on the upper and lower background positions. The applied alternating peak and background measurements required special software which was available for our instrument. However, it was found that the instrument was fairly stable under these conditions, so that errors due to drift were minimal. The detection limit for gold is 20 ppm according to the calculation made by the instrument software, i.e., D.L. = 3/nc ß •]2 ß IB/tB ß wt, where D.L. = detection limit, nc = net count (cps) of the standard specimen, IB = mean background intensity (cps) of unknown specimen, tB = measurement time (s) at background position, and wt = weight percent of standard specimen. The detection limit calculated according to the Zieboldt equation (Zieboldt, 1967 ) is slightly lower. In similar work, Johansen and Kojonen (1996) reported a detection limit of 15 ppm gold.
The 15 samples studied by electron microprobe analysis were also analyzed for Au, As, Ag, Sb, Hg, T1, Te, Zn, S, and C by atomic absorption spectrophotometry (AAS) at the Geological Laboratory in Teplice, Slovakia. These data were used primarily to support the electron microprobe analyses results. These AAS results were merged with the AAS results from 838 borehole samples and 47 other representative mineralized and unmineralized rock samples from outcrops, trenches, and tunnels at Zarshuran to create a geochemical database of 900 samples. This database was used to prepare bar charts showing the ranges of gold concentrations in different rock types and to identify correlations between gold and other elements.
Results
Arsenian pyrite occurs as overgrowths on large euhedral pyrite crystals. A later network and massive arsenian pyrite encloses the overgrowth rims. The latest generation of arsenJan pyrite is colloform in texture and intimately intergrown with massive and colloform sphalerite.
Occurrence of visible gold Karimi (1992) reported the occurrence of micron-size gold in the silicified ores. Nevertheless, examination by high-resolution optical microscopy and electron analysesof several silicified ore samples, including those found by chemical analyses to have the highest gold concentrations, failed to reveal any native gold associated with silica. Sparse gold was found only in close association with an arsenic-mercury-thallium sulfide, both occurring as inclusions in a matrix of microcrystalline orpiment. These inclusions were first observed by optical microscopy and subsequently confirmed by electron microprobe analysis (Fig. 2) . Qualitative microprobe analysis of a gold grain gave no indication of the presence of other metals commonly found with gold (e.g., Ag, Te, Se).
Gold concentrations and associations
Gold at Zarshuran is hosted mainly by the jasperold, silicifled shale, and silicified limestone (Fig. 3) . Within these rock types, high gold concentrations tend to be found in samples that contain visible pyrite and orpiment. highest arsenic and gold concentrations were detected by electron micrprobe analyses at the boundary of the overgowth rims with the euhedral pydte core. This boundary exhibits a brighter color than the rest of the rims in the backscattered electron microphotograph.
A second type of arsenian pyrite encloses the overgrowth rim and, due to its high arsenic and mercury contents (up to 3.4% and 5,940 ppm, respectively), appears bright in a backscattered electron microphotograph. This type of arsenian pyrite shows a network and massive texture attributed to its precipitation from hydrothermal solutions percolating through microfractures in quartz (Fig. 6) . It is occasionally intergrown with massive sphalerite in quartz. Microprobe analyses show an average higher gold concentration in this type of arsenian pyrite (116 ppm) compared to overgrowth rims (90 ppm).
A third type of arsenian pyrite exhibits a colloform texture. Colloform arsenian pyrite, or melnicovite, contains 1,030 to 1,300 ppm gold and up to 4.73 percent arsenic. The highest concentrations of gold, arsenic, and mercury tend to be found in the rim (Fig. 7, Table 2 ). Melnicovite occurs in the hydrothermal silica matrix and commonly is intimately intergrown with massive and colloform sphalerite.
Sphalerite, the most abundant sulfide after orpiment, pyrite, and arsenian pyrite, is present as individual anhedral grains associated with galena and also as massive and colloform sphalerite intergrown with massive arsenian pyrite and melnicovite (Fig. 8) . Gold was detected in massive and colloform sphalerite in concentrations from 110 to 390 ppm. The highest gold values are found in massive and colloform sphalerite that also contains elevated arsenic and mercury concentrations. A sample of jasperoid with anhedral sphalerite and fluorite (sample 15484) was found by AAS to contain 0.58 ppm gold and 0.47 percent arsenic, whereas a sample of jasperoid with massive sphalerite and pyrite (sample 15482) was found to contain 10.75 ppm gold and 1.05 percent arsenic (Table 1) 
